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ABSTRACT 

We analyse Spitzer MIPS 24/mi observations, and Sloan Digital Sky Survey (DR7) opti- 
cal broadband photometry and spectra, to investigate the star formation properties of galaxies 
residing in the Coma supercluster region. We find that star formation (SF) in dwarf galaxies 
is quenched only in the high density environment at the centre of clusters and groups, but that 
passively-evolving massive galaxies are found in all environments, indicating that massive 
galaxies can become passive via internal processes. The SF-density relation observed for the 
massive galaxies is weaker relative to the dwarfs, but both show a trend for the fraction of 
star-forming galaxies (Jsf) declining to ~ in the cluster cores. We find AGN activity is also 
suppressed among massive galaxies residing in the cluster cores. 

We present evidence for a strong dependence of the mechanism(s) responsible for 
quenching star formation in dwarf galaxies on the cluster potential, resulting in two distinct 
evolutionary pathways. Firstly, we find a significant increase (at the 3er level) in the mean 
equivalent width of Ha emission among star-forming dwarf galaxies in the infall regions of 
the Coma cluster and the core of Abell 1367 with respect to the overall supercluster popula- 
tion, indicative of the infalling dwarf galaxies undergoing a starburst phase. We identify these 
starburst galaxies as the precursors of the post-starburst k+A galaxies. Extending the survey 
of k+A galaxies over the whole supercluster region, we find 1 1 .4% of all dwarf (z mag > 15) 
galaxies in the Coma cluster and 4.8% in the Abell 1367 have post-starburst like spectra, 
while this fraction is just 2.1% when averaged over the entire supercluster region (excluding 
the clusters). This points to a cluster-specific evolutionary process in which infalling dwarf 
galaxies undergo a starburst and subsequent rapid quenching due to their passage through the 
dense ICM. In galaxy groups, the star formation in infalling dwarf galaxies is instead slowly 
quenched due to the reduced efficiency of ram-pressure stripping. 

We show that in the central ~ 2 h^Q Mpc of the Coma cluster, the (24— z) near/mid infra- 
red colour of galaxies is correlated with their optical (g — r) colour and Ha emission, sepa- 
rating all mid-infrared (MIR) detected galaxies into two distinct classes of 'red' and 'blue' . 
By analysing the spatial and velocity distribution of galaxies detected at 24/im in Coma, we 
find that the (optically) red 24/im detected galaxies follow the general distribution of 'all' 
the spectroscopic members, but their (optically) blue counterparts (i) are almost completely 
absent in the central ~ 0.5 h^ Mpc of Coma, and (ii) have a remarkable peak in their ve- 
locity distribution, corresponding to the mean radial velocity of the galaxy group NGC 4839, 
suggesting that a significant fraction of the 'blue' MIR galaxies are currently on their first 
infall towards the cluster. The implications of adopting different SFR tracers for quantifying 
evolutionary trends like the Butcher-Oemler effect are also discussed. 

Key words: galaxies: clusters: general,galaxies: evolution, galaxies: fundamental parameters, 
infrared: galaxies 



1 INTRODUCTION 

The Coma supercluster is the nearest rich supercluster of galax- 
ies dChincarini & Rooj[l97r3 : iGregorv & Thompson] 1 19781) . con- 

* e-mail: sm@star.sr.bham.ac.uk 



sisting of two rich Abell clusters, separated by 30 h 7 g Mpc, but 
conn ected by a prom inent filament of galaxies and poorer groups 
(e.g. lFontaneTillll984l) . which is part of the supercluster identified 
as the "Great Wall" in t he first major redshift survey of galaxies 
in the nearby Universe dGeller & Huchralll989h . At a distance of 
~ 100 Mpc, it affords a closer look at the properties of indi- 
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vidual galaxies (1 kpc ~ 2. 1 arcsec), but its large angular scale on 
the sky presents observational challenges for the narrow fields of 
view of most instruments. 

It is interesting to note that even though they are the two 
most significant structures in the supercluster, the two Abell clus- 
ters are remarkably different in every respect. The optical lumi- 
nosity function of galaxies in the Coma cluster, for instance, has a 
much steeper faint-end slope than that of its neigh bour Abell 1367 
dlglesias-Paramo et al.l I2003T) . Early studies (e.g. |PressleJll980l) 
revealed that the fraction of spiral galaxies in the Coma clus- 
ter is anomalously low compared to Abell 1367. In addition, 
galaxies in the core of the Coma cluster w ere identified to be 
unusu a lly deficient in neutra l hydr o gen (e.g. [Sullivan & Johnson! 



1 19781 : iGiovanelli & Havnej 1 19851; 



Bernst ein et al 
19971) 



and molecular 



1994), ion- 



gas 



ized hydr ogen ( Raychaudhury et al.. . 

(H 2 /C O) teoselli et al.l Il997cd) . I Bothun. Schommer. & Sullivanl 
( 1 19841) found a strong HI gradient in Coma galaxies- many of the 
inner, HI poor spirals being quite blue, suggesting that some gas re- 
moval process has acted quite recently, while Abell 1367 was found 
to be a mixture of HI poor and rich galaxies. 

The availability of more detailed analyses of star forma- 
tion, based on multi-wavelength data, and of spectral indices 
sensitive to stellar ages, has made this field more interest- 
ing. Estimates of st ar formation activity from mid-infrared (IR) 
jBoselli et alll997bl) and Galaxy Evolution Explorer (GALEX) ul- 
traviolet dCortese. Gavazzi. & Boseilill2008l) photometry show that 
star formation in Coma on the whole is substantially suppressed 
compared to that in the field, while Abell 1367 has an abundanc e 
of bright star-forming galaxies dCortese. Gavazzi."& Bosellil2008l) . 

In a hierarchical model of the formation of structures in the 
Universe, it is not surprising that a rich cluster, with a relaxed ap- 
pearance in its X-ray image, such as Coma, would represent the 
end product of the gradual assi milation of several galaxy g roups 
over time. In spite of the claim of lDressler & Shectmanl dl988l) that 
the Coma cluster does not have significant substructure, it has sub- 
sequently b een shown to have at least three m ajor subclusters in the 
optica l (e.g.lWestlll998l)a nd X -ray maps (e.g. lDavis & Mushotzkvl 
1 19931 ; lAdami et alj|2005l) . At the other end of the supercluster, 
Abell 1367 is also found to be elongated with three major sub- 
clusters, along the axis of the filament, with a population of star- 
forming gala xies infalling into th e SE cloud and possibly the other 
two as well dCortese et alj|2004h . This has prompted a multitude 
of studies attempting to link the dynamical history of the super- 
cluster with the properties of individual galaxies to investigate both 
the process of building clusters, as well as the effect of large-scale 
struct ure on the star formation history of galaxies (e.g. lHaines et al .1 
l2006h . 

By employing the spectral analys is of galaxies i n Coma , 
together with the X -ray map of iNeumann et alj d2003l) . 
IPoggianti et al.l d2004l) found that the post-starburst (k+A) 
galaxies, in which star formation has been quenched within the last 
1-1.5 Gyr, are associated with the X-ray excess attributed to the 
substructure in Coma. However, this work was limited to 3 fields 
in the ~ 2 Mpc region surrounding the centre of Coma. 

In addition to star formation indices measured from optical 
spectra, the availability of Spitzer MIPS mid-IR observations has 
been recently utilised by several authors to characterise the star 
formation propertie s of the obscured component in galaxies in clus- 
ters an d groups (e.g. | Saintonge. Tran. & Holdenl2008MHaines et al .1 



l2009tlWolf et al.l2009l ; lBai et alj2010l) . since the 24 urn flux can be 
used as a representation of the dust-reprocessed overall IR flux. 
Hereafter, we will refer to the pair of clusters Coma and 



Abell 1367, along with the associated filament of galaxies as the 
Coma Supercluster. In this paper, we use the Spitzer MIPS 24\im 
observations, wherever available, along with the broadband colours 
and spectral star formation indicators from the Sloan digital sky 
survey (SDSS). We adopt the distance modulus of the Coma Su- 
percluster to be m — M = 35.0, and use cosmological parameters 
SI a = 0.70, il M = 0.30, and H = 70 km s" 1 Mpc -1 for cal- 
culating the magnitudes and distances. We note that at the redshift 
of Coma (z= 0.023), our results are independent of the choice of 
cosmology. In the next section, we present our data and reduction 
methodology, and summarise our main results in fj3]and f|4] We dis- 
cuss their implications, and compare the properties of galaxies in 
various parts of the supercluster in Sj5] summarising in ij6] 



2 OBSERVATIONAL DATA 

We base our work on the photometric and spectroscopic data ac- 
quire d by the SDSS Data Release 7 dAdelman-McCarfhv et al.l 
2006^ (DR7)), which for the first time covers the entire region 
of the Coma Supercluster presented in this paper. Over a smaller 
area, we also use archival 24\im mid IR (MIR) images, from the 
Multi-band Imagin g Photometer (MIPS) instrument aboard Spitzer 
dRieke et"al]|2004l) . available over a significant fraction of the two 
main clusters. 



2.1 Optical data 

We select the galaxies belonging to the Coma supercluster from the 
SDSS spectroscopic catalogue only, requiring the member galaxies 
to be within 170.0 sJRA^ 200.0 deg and 17.0 <Dec^ 33.0 deg on 
the sky, and with a radial velocity within 2,000 km s _1 of the mean 
redshift of the Coma cluster (6,9 73 km s" 1 ) or the A bell 1367 clus- 
ter (6,495 km s _1 ) respectively dRines et"al]|2003l) . All our galax- 
ies are brighter than SDSS magnitude r = 17.77 (~ M* +4.7 for 
Coma), which is the completeness limit of the SDSS spectroscopic 
galaxy catalogue. 



2.2 MIPS 24 M m data 

For the mid-infrared study of Coma and Abell 1367, we use 
archival 24pm Spitzer MIPS data covering 2x2 deg 2 in the case 
of Coma (PID: 83, PI G. Rieke) and 30' x 30' for Abell 1367 (PID: 
25, PI G. Fazio). The Coma 24/im dataset consists of four contigu- 
ous mosaics (see Fig.QJ obtained in medium scan mode, with scan 
leg spacing equal to the half array width, producing homogeneous 
coverage over the m o saic, w ith an effective exposure time per pixel 
of 88 sec. iBai et al.l d2006l) . who used this data to determine the 
24pm luminosity function of Coma, estimate the 80% complete- 
ness limit to be 0.33 mJy, corresponding to a star formation rate 
(SFR) of 0.02 M Q yr -1 at the redshift of Coma. The Abell 1367 
24[im dataset consists of a single mosaic obtained in medium scan 
mode, with scan leg spacing equal to the full array width, producing 

an effective exposure time per pixel of 40 sec. 

The SEXTRACTOR package dBertin & Arnoutsl 1 19961) was 
used to automatically detect sources, and obtain photometric pa- 
rameters. The images were first background-subtracted, and then 
filtered with Gaussian functions, with full width half maximum 
(FWHM) matching the 24pm point-spread function (PSF). Aper- 
ture photometry was obtained for all objects having 8 contigu- 
ous pixels above the la rms background noise level. Following 
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SWIRE, we measured the fluxes within circular apertures of diam- 
eter 21, 30, 60, 90 and 120". For the vast majority of sources, the 
6" FWHM point-spread function of MIPS leaves the object unre- 
solved at 24/im, and hence we estimate the total 24/im flux of these 
objects from the flux contained within the 21" aperture, corrected 
by a factor 1.29. 

However, at the redshift of the Coma and Abell 1367 clus- 
ters, many of the brighter galaxies (spirals in particular) are larger 
than our nominal 21" diameter aperture, such that a significant 
fraction of their 24/im flux is missed. For these galaxies, we use 
instead one of the larger apertures, matched to contain the optical 
flux as parametrized by Rgo z (the radius which contains 90% of 
the z— band flux) as measured from the SDSS image. Finally, for 
some of the bright cluster galaxies (9 in total), the value of Rgoz 
is under-estimated. To correct for this, SM eyeballed the 24/im 
images of these objects, and estimated an appropriate radius, in 
each case, for extracting the 'total' 24/im flux. In the case of the 
brighter spiral galaxies in Coma and Abell 1367, the 24/im emis- 
sion often shows significant structure due to spiral arms and star- 
forming regions, necessitating a high value of the deblending pa- 
rameter, to prevent the galaxy being shredded by SEXTRACTOR. 
Particular care was required to correctly deblend the face-on spiral 
NGC 3861 from NGC 3861B, while keeping NGC 3861 intact. We 
note that for ~ 50% of our sample the typical measurement error 
in the 24/im flux is < 0.1 mjy (which is < 10% of the measured 
flux), and for > 95% the error is < 0.35 mjy. In total, ~ 90% of our 
galaxies have 24/im flux measured with < 30% uncertainty. 

2.3 Matching the SDSS spectroscopic catalogue with the 
24/im sources 

To match the SDSS spectroscopic catalogue for the Coma super- 
cluster with the MIR 24/rni data, we choose the nearest optical 
counterpart within 5" of each 24/im source. This accounts for a 
displacement of no more than 2.5 h^ kpc between the centres. We 
note that >80% of the matches are found to have centres within 2" 
of each other. 16 of our sources above the detection threshold were 
found to have multiple matches within the matching radius of 5". 

Our final dataset comprises of 3,787 galaxies (r ^ 17.77) 
with spectroscopic redshifts from SDSS, and radial velocity within 
±2,000 km s _1 of Coma or Abell 1367, in the ~500 square de- 
gree region of the sky covered by the Coma supercluster. Out of 
these, 197 within ~2 h^Q Mpc of the centre of Coma and 24 within 
~0.65 h^Q Mpc of the centre of Abell 1367 are found to have a 
24/im counterpart. The probability that a background MIPS source 
lies within the matching radius of 5" by chance, depends only on 
the density of the 24/im sources. For the completeness limit (0.33 
mjy) adopted her e, this density is ~ 3, OOOdeg -2 (see fig. 3 of 
IShupeetal.ll2008h . This gives the required probability as 0.018, 
implying that our sample of 197 24/iin detected galaxies in Coma 
may have 3-4 interlopers. A sample of the catalogue of data for the 
24/tm detected galaxies is provided in Table[T] 



3 STAR FORMATION AND AGN ACROSS THE COMA 
SUPERCLUSTER 

Located ~100 Mpc from us, the Coma supercluster offers a unique 
opportunity for investigating the effect on individual galaxies of 
the hierarchical formation of structures in the Universe, as galax- 
ies progress through various environments towards the cores of the 
clusters. 



In order to give a general overview of the optical star forma- 
tion properties of galaxies along the entire supercluster, in Fig. Q] 
we plot the positions of all the galaxies from the SDSS spectro- 
scopic catalogue found in our redshift range, and the major galaxy 
groups obtained from the NASA Extragalactic Database (NED, 
http://nedwww.ipac.caltech.edu/!. In order to avoid multiple detec- 
tions, we consider the groups only from the NGS, WBL, USGC and 
HCG catalogues, and even amongst these, we identify duplication 
by merging groups closer than 1' and within ±100 km s _1 of each 
other. 

The positions of AGN host galaxies, iden tified using the BPT 
diagram dBaldwin, Phillips & Terlevichlll98ll . also see i]4.2l >. and 
non-AGN starburst galaxies (star-forming on the BPT diagram, and 
having EW(H ce )^25A), are indicated in Fig. [T] We also show the 
limited regions at the cores of the Coma and Abell 1367 clusters, 
over which the 24/im data are available, and utilised in this paper. 
Plotted in the bottom panel of the same figure, is the distribution 
of the AGN and starburst galaxies, as fractions of the 150 galax- 
ies contributing to each bin. It is worth mentioning that although 
these distributions are a fair representation of the data, the binning 
has resulted in a spurious feature at the position of Abell 1367. As 
is already well known in the literature, the central region of Abell 
1367 is sparsely populated, the majority of galaxies in the core be- 
ing late-type. In this figure, it appears that the fraction of starburst 
galaxies does not decline in the core of Abell 1367, but if the data is 
re-binned so as to have equally-spaced bins, this would not be the 
case. Having said that, the decline in the fraction of starburst galax- 
ies at the centre of Abell 1367 is much shallower than that seen in 
Coma. 

In general, the optically-identified AGN seem to be more or 
less uniformly distributed throughout the supercluster (Figs.[T]and 
O, except for a sharp decline in the cores of both the clusters. This 
latter result is counter-intuitive, because AGN hosts are known to 
be early-type massive galaxies which mostly reside in dense envi- 
ronments. Hence, this may indicate that the optical emission from 
the AGN present in this region is obscured and/or detectable at 
other wavelengths (radio/X-ray). The latter is beyond the scope of 
this work, but our MIPS 24/im data supports the former possibil- 
ity. As seen in Fig.[TT] not only does the relative fraction of the red 
24/im galaxies marginally increase towards the centre, around 50% 
of them are found within 0.5 Mpc of the centre of the Coma 
cluster, indicating that optical emission from several AGN hosts 
may be obscured. Further evidence in support of this argument may 
be drawn from Fig.[8]where a large fraction of galaxies detected at 
24/im do not show [OIII] and/or Hp in emission, but th eir H a /[NII] 
flux r atios are consistent wi th the presence of an AGN ^Miller et al.l 
120031) on the BPT diagram ^Baldwin. Phillips & Terlevichlll98ll) . 

We further investigate the environmental trends for AGN and 
star formation activity within the Coma supercluster, by estimating 
the local fraction of star-forming galaxies (/sf) and AGN (/agn) 
over the entire supercluster, both for massive galaxies (z < 14.5 ; 
M z <M* + 1.8, assuming M* = - 22.32 from lBlanton et alj200ll) 
and the dwarf galaxy popul ation (z > 15; M z > M* + 2.3). Fol- 
lowing jHajnejTeTal] d2007l) . we define the local projected density 
of galaxies (p(x)) using a var iant of the adaptive kernel estimator 
( ISUvermarj[l9^ ; |Pisani|[T993l) . where each galaxy i is represented 
by an adapti ve Gaussian kern el /tj(x). This is different from the 
algorithm of Isilvermanl jl986h , which, in its previous applications 
to astronomical data, requires the kernel width Ui to be iteratively 
set to be proportional to p ; . In this work, we fix the transverse 
width a, to be proportional to D%, where D3 is the distance to the 
third nearest neighbour within 500 km s~ 1 . 
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Table 1. Catalogue of Coma galaxies detected at 24pm (This table is available in full online.) 



RA 


Dec 






T 




24p,m flux 


flae a 


(J2000) 


(J2000) 




mag 


mag 


mag 


(mJy) 




194.4574 


28.6243 


0.0250 


17.80 


17.35 


17.24 


0.31 




195.1548 


28.6641 


0.0236 


17.47 


16.89 


16.49 


1.25 




194.5385 


28.7086 


0.0255 


15.21 


14.56 


14.08 


36.02 




194.9172 


28.6308 


0.0179 


15.67 


15.47 


15.30 


7.90 




194.3645 


28.4397 


0.0260 


17.16 


16.57 


16.19 


0.75 




194.5628 


28.5218 


0.0231 


17.00 


16.56 


16.32 


1.84 




194.3912 


28.4823 


0.0209 


14.35 


13.54 


13.00 


1.86 


3 


194.4747 


28.4998 


0.0244 


15.94 


15.18 


14.56 


0.04 





195.2170 


28.3661 


0.0255 


14.51 


13.73 


13.10 


1.39 





195.3123 


28.5217 


0.0281 


17.48 


17.11 


16.98 


1.06 


1 



a Classification on the basis of BPT diagram, where 
0: unclassified 
1: star-forming 
2: AGN 

3: AGN according to lMiller etal] d2003l) criteria (see text) 



The dominant factors governing the star formation properties 
of a galaxy are the mass of its DM hal o, and whether it is the 
central or a sate l lite galaxy in a halo (e.g. lKauffmann et al.ll2004l ; 
lYang et aljioollBlanton et al.l2006h . We adopt the above method, 
and choose the dimensions of the kernel, keeping this in mind. In 
the case of galaxies within groups or clusters, the local environment 
is measured on the scale of their host halo (0.1-1 Mpc), while for 
galaxies in field regions the local density is estimated by smooth- 
ing over th eir 5-10 nearest nei ghbours or on scales of 1-5 Mpc (for 
details, see lHaines et al,l l l2007t) . 

We can then map the local galaxy density (p) and z- 
band luminosity density (j g ) as p(x) = ^ i Ki(x— X;) and 
j z (x) = L Z: i ftj(x— Xj), wher e L z ,j is the z-ban d luminosity 
of galaxy i (see Fig. [3j. Following I Yang et alj d2005h . we identify 
local maxima in the z-band luminosity density as galaxy groups 
and clusters, whose masses correlate with the total z-band lumi- 
nosity associated with the peak. By comparison with the Millen- 
nium simulation, we expect all groups with 4 or more members t o 
be associated with a local maximum in j. (x) dHaines et al]|2007l) . 
The local z-band luminosity density is shown as black contours in 
Figs.Hg] 

In Fig. [2] we show the spatial variation of /agn among mas- 
sive galaxies (z < 14.5) across the supercluster, where we calculate 
/agn as ^2 icAGN k(x— Xi)/p(x), where idAGN is the subset 
of galaxies classified as optical AGN, based on the ratios of ther- 
mally excited and recombination lines used in the BPT diagram. 
We do not consider the lower mass galaxies, as the fraction of AGN 
declines rapidly to zero below M z > AI* + 2; 

For comparison, Fig. [3] shows the distribution of /sf(x) as 
Y2irSF ft(x— Xj)/p(x), where icSF is the subset of galaxies 
classified as star-forming according to the line-ratios used in the 
BPT diagram. Fig. [4] shows a map of the local mean equivalent 
width (EW) of Hq of star-forming galaxies as {EW (H a)(x)) = 
Y^icSF EW(Ha) «(x— Xi)/ y, ; ,- QF K(x-Xj ) , plott ed in a man- 
ner analogous to that used by lHaines et al. I J2006t) for galaxy 
colours in the Shapley supercluster. 

In Fig. [2] we see that the AGN fraction fAGN, among mas- 
sive galaxies (z < 14.5) declines at the centre of the Coma and 



Abell 1367 clusters, while elsewhere, it is uniformly distri buted. 
This appears to contradict the results of lHaines et alj d2007l) . who 
found the AGN fraction to be independent of environment, and to 
be a monotonically in creasing func t ion of stellar mass. However, 
the volume studied by lHaines etal] J2007!) within SDSS DR4 did 
not cover clusters as rich as Coma or Abell 1367. This may indicate 
that only the very dense environments affect the optical AGN activ- 
ity of galaxies. The relation between fAGN and local environment 
is unclear in the intermediate density group environment. While the 
fAGN values decline in the centre of some groups, in others they 
exceed the mean value for the field. Although there is a slight indi- 
cation that the groups in which the /agn appears to be declining, 
mostly lie on the filament connecting the Coma and Abell 1367, 
or in the vicinity of the clusters themselves, while the groups with 
higher values of /agn lie in underdense regions. However, it is not 
possible to draw any firm statistical inferences from this observa- 
tion. 

Whether the AGN fraction /ag jv varies with environment or 
not depends on ho w the activity of the galactic nuclei is defined. 
iMiller et aljj2003b do not find any correlation between galaxy den- 
sity and fAGN in a large sample of galaxies (M T = —20; 0.05 < z < 
0.095), where the AGN are defined in terms of optical emission line 
ratios characterised by the BPT diagram. Other studi es find higher 
incide nce of optical AGN in groups and clusters ( I Arnold et alj 
120091) . If the AGN were selected according to their radio, mid-IR 
or X-ray properties, they would be found in differen hosts: radio 
AGN in early-type galaxies, IR AGN in bluer galaxies, and X-ray 
AGN in galaxies of intermediate colour dHickox et alj|2009l) . The 
environment dependence of AGN activity is thus largely linked 
to the distribution of the hosts. The incidenc e of X-ray AGN is 
higher in galaxy groups than in galaxy clusters l lMartini et al.l2006l. 
IShen et al.l2007ri . The fraction of radio-loud AGN is the same in the 
brightest galaxies of gro ups and clusters a n d in the field, but higher 
in non-central galaxies dBest et al.ll2005l) . iDel Pozzo et all d2010|) 
show that the mass function of black holes is independent of envi- 
ronment, and the variation in the distribution of optical, radio and 
X-ray AGN can be understood in terms of the accretion processes 
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Right Ascension 

Figure 1. Top panel: The surface density of galaxies in the Coma supercluster is shown in grey. The positions of passive galaxies (black dots), AGN host 
galaxies (open red circles) and starburst galaxies (blue stars); EW(H Q ) ^ 25A~ log SSFR~ — 10yr -1 ) are indicated. The big green circles are the groups 
in the region, from the NASA Extragalactic Database. The rectangular pink regions show the Spitzer MIPS fields of view for the two clusters. Bottom panel: 
The solid red line and the dashed blue line show the fraction of AGN and of the starburst galaxies, among all the galaxies shown in the upper panel. The 
bins are chosen to have 150 galaxies in each of them. The solid vertical lines represent the centres of the Coma cluster and Abell 1367 respectively, while the 
dot-dashed line shows the RA position of the NGC4839 group (see text). All the dotted lines represent the positions of groups, shown in the upper panel. 



that lead to the manifestation of the AGN in the various ranges of 
electromagnetic radiation. 

We measured the significance of the spatial variations seen in 
/agn across the supercluster by performing Monte Carlo simula- 
tions, in which we made repeated maps of f agn after randomly as- 
signing the positions of the AGN to the bright galaxies (i.e. testing 
the null hypothesis that /agn is constant across the supercluster), 
and measuring the fraction of maps in which a given local value 
of /agn was obtained within one of the Monte Carlo simulations. 
The results of these simulations are represented by the white con- 
tours, which indicate regions that have /agn = 1 and 2-a below 
the mean value across the supercluster. This confirms that the de- 
cline in /agn seen towards the core of the Coma cluster is signif- 
icant at the 3cr level, while that seen in Abell 1367 is significant at 
the 2a level. 

In Fig. [3] we show the general correlation between the frac- 
tion of star-forming galaxies (fsF) and environment for massive 
galaxies (z < 14.5; top panel) and the dwarf galaxies (z > 15; bot- 
tom panel). For the massive galaxies we find an almost uniform 
fsF < 0.5 in all the environments. For dwarf galaxies, we see a 



much stronger SF-density relation, with fsF rising rapidly from 
the fsF < 0.1-0.4 seen in the cluster cores, to fsF > 0.95 in 
the field. This result is in agreement with literature, where, using 
colour or SFR indicators, it has been shown that dwarf galaxies ex- 
hibit much strong er radial trends with environment than their mas- 
sive counterparts dGrav et al.l2004l ; iTanaka et alj2004l ; ISmith etHll 
120061 ; lHaines et al J I2007L among others). The origin of the SF- 
density relation for the dwarf galaxies can be attributed to the fact 
that (i) the star formation in dwarf galaxies can easily be quenched 
by the tidal impact of a massive neighbour an d/or the ICM of the 
cluster (e.g. lLarsorh Tinslev & Caldwellll980l) . and (ii) unlike their 
massive counterparts, dwarfs (of the luminosities considered here) 
do not become passive by internal mechanisms such as gas con- 
sumption through star formation, merging etc.. However, the effects 
of supernovae wind blowouts and feedback b ecome significant for 
relatively faint (M* <■, 10 7 Mq) dwarfs (e.g. iMac Low & Ferraral 
1 19991 ; iMarcolini et al.ll2~006h . In this work we do not find any ev- 
idence for the quenching of star formation in galaxies on the fila- 
ments), but only in the cores of the embedded galaxy groups. 

The H Q emission traces the current SFR of a galaxy, while 



6 Mahajan, Haines and Raychaudhury 



AGN fraction among massive (z<14.5) galaxies 




Right Ascension (J2000) 

Figure 2. The local AGN fraction (Jagn) among massive galaxies (z < 14.5), as a function of spatial position across the Coma supercluster. The map is 
colour-coded with Jagn- The black contours indicate the local luminosity-weighted (z-band) galaxy density across the supercluster. The white contours 
indicate regions with AGN fraction Jagn = ' ar| d 2-cr below the mean value over the supercluster. 



the continuum flux under this line can be used as an indicator of 
its past SFR, making the globally averaged EW(H a ) from a galaxy 
an effective indicator of the birthrate parameter (i> = current SFR 
normaliz ed by the SFR a veraged over the lifetime of a galaxy). 
Recently. Eee et alj ( EoO^) have shown that EW(H Q )~ 40 A cor- 
responds to b = 1. In Fig. [4] we show the variation in the mean 
EW(H Q ) as a function of environment for the star-forming dwarf 
galaxies. This is potentially a very powerful technique for dissociat- 
ing the intrinsically active star formation history (SFH) of low-mass 
gala xies from a starburs t caused by the impact of local environment 
(see lHaines et alj|2007l . for instance). 

If gala xies are slowly quen ched by interactions with their en- 
vironment ( iBalogh et al.1 120043) . a decline in the mean EW(H Q ) 
is expected in the regions of denser environment. On the other 
hand, if star formation is triggered due to the impact of envi- 
ronment, the mean EW(H Q ) should increas e. Unlike the slow 
quenching of dwar fs in the dense environments ( iTanaka et al J 20041 : 
lHaines et al]|2007l) . here, in the Coma supercluster, we find that 
the dwarf galaxies follow different evolutionary paths in the groups 
and in the denser cluster environments. In galaxy groups, a dwarf 
galaxy is slowly quenched via interactions with the other group 
members and/or the tidal field of the group, while in the clus- 
ters, an infalling dwarf experiences a starburst in the intermedi- 
ate density environment at the cluster periph ery jPorter et al.l2008l ; 
iMahaian. Raychaudhury & Pimbbletl |2010|) . and is then rapidly 
quenched via cluster-related environmental mechanisms, such as 
ram-pressure stripping. 

In analogy to Fig. [2] we measure the significance of the spatial 
variations seen in the mean EW(H Q ) via Monte Carlo simulations, 
this time by making repeated maps after randomly swapping the 
values of EW(H a ) among the dwarf star-forming galaxies. In doing 



this, we seek to test the null hypothesis that the EW(H a ) is inde- 
pendent of spatial position among star-forming galaxies. In Fig. [4] 
we show, as overlaid white contours, the regions in which the local 
observed mean value of the EW(H Q ) is 2 and 3a above that av- 
eraged over the whole supercluster. This confirms that the excess 
star formation seen in the infall regions of Coma, and towards the 
core of Abell 1367, is indeed significant at > 3a level. In quanti- 
tative terms, this excess in the infall regions of the Coma cluster 
is due to a population of ~ 30 dwarf starburst galaxies (z > 15, 
EW(H Q ) > 40 A) located within or along the white 2-cr contours 
in Fig. [4] The analogous excess in the core of Abell 1367 can be 
ascribed to ~ 10 starburst dwarf galaxies. 



4 OPTICAL AND MID-IR ANALYSIS OF COMA AND 
ABELL 1367 GALAXIES 

The infrared (IR) emission from normal galaxies around \-24fim 
is dominated by hot dust in the Hll regions of massive stars, in addi- 
tion to (usually) minor contribution from asymptotic giant branch 
(AGB) stars and the general interstellar medium (ISM). This re- 
cycled emission, together with the optical emission, can thus pro- 
vide a good estimate of the total starlight of a galaxy and be used 
to better co nstrain the current and past star formation rate (SFR) 
of a g alaxy JCalzetti et al]|2007l ; lKennicutt et al Jl 20091 : iRieke et al.1 
l2009l among others). While IR astronomers usually study late-type 
galaxies, early-type galaxies have received sporadic attention only 
in the co ntext of the warm dust component detected in a few of 
them (e.g. lKnapp etaill 19891) . 

In this paper, we combine the optical photometric and spectro- 
scopic data taken by the SDSS DR7, with the 24/im SpitzerMlPS 
data, which is sensitive to processed optical emission from stars, to 
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Figure 3. The local fraction of star-forming galaxies (Jsf) as a function of spatial position across the Coma supercluster, for massive galaxies (z < 14.5; 
top panel) and dwarf galaxies (z > 15; lower panel). The colours indicate fsF. and the same colour scale is used in both the panels. Overlaid are black 
contours indicating the z-band luminosity-weighted galaxy density across the supercluster. This figure shows that in the Coma supercluster, star formation in 
the massive galaxies (z < 14.5) seems to be suppressed independent of their local environment, while the dwarf galaxies (z > 15) are star-forming everywhere 
except in the dense environment in the vicinity of rich clusters and galaxy groups. 
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Figure 4. The local mean H a equivalent width of star-forming (EW(H a ) > 2A) dwarf (z > 15) galaxies across the Coma supercluster, indicated by colour. 
Overlaid are black contours indicating the z-band luminosity-weighted galaxy density across the supercluster, and white contours showing regions where the 
local observed mean value of the EW(H a ) is 2 and 3-cr above that averaged over the whole supercluster. 



study the star formation activity of galaxies residing in the denser 
regions of the Coma supercluster. 



4.1 Optical and MIR colours 

In Fig. [5] we show the colour magnitude relation (CMR) for all 
the spectroscopic galaxy members (r ^ 17.77) found in this re- 
gion in the SDSS DR7, and those that are also detected at 24/im in 
the Spitzer/MIPS observations. For comparison, the 24^im galax- 
ies found in Abell 1367 are also shown. We only use galaxies 
brighter than r = 15.5 to fit the CMR. The CMR is of the form 
g — r — 1.244 — 0.032 r for all the Coma galaxies, where the mean 
absolute deviation from the relation isztO.064 mag. 

We repeat this analysis in Fig. [6] for the near-infrared (NIR) 
band of SDSS (z-band), and the 24/im MIPS band. The galax- 
ies classified as red and blue on the optical colour-magnitude di- 
agram, split into two separate classes around (24 — z) = —6 mag 
on the plot of the near/mid IR colour and magnitude as well. Al- 
though we overplot the lines of co nstant SFR in Fig. [6] according 
to the empirical relation given by ICalzetti et alj d2007l) , it is im- 
portant for the reader to consider that the 24/im flux alone is an 
accurate SFR indicator only for the late-type, dusty star-forming 
galaxies (we return to this issue below). The SDSS z-band, cen- 
tred at ~ 9000A, is a good measure of the light from evolved stars, 
and hence the stellar mass of a galaxy. The top axis shows the 
stellar mass of galaxies estimated using the relation log M* = 
-0.306 + 1.097 (3 - r)-0.1-0.4(M r -51og ft -4.64), from 
iBell et all J2003l) . On the other hand, the 24/xm MIPS band in the 
MIR is a good proxy for the dust-processed light. This makes the 
(24— z) colour an excellent approximation for the value of the spe- 
cific star formation rate (SSFR or SFR/M*) of galaxies. 

Figs. [5] and [6] together show that the 24^im detected red se- 
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Figure 5. The (g -r) vs r colour-magnitude relation for the 24/xm bright 
galaxies detected in the Coma cluster (circles) and Abell 1367 (big stars). 
The solid line shows the colour-magnitude relation (CMR) fitted to the 
Coma data points, while the dot-dashed lines mark the mean absolute devi- 
ation (MAD) boundaries on either side. We adopt the lower MAD boundary 
in (g — r) for segregating the red sequence from the blue cloud. Note that 
we do not use any upper bound for the red sequence because fitting is done 
using spectroscopically confirmed cluster members only. The symbols are 
colour-coded according to the (24 — z) colour of the MIR bright sources 
(Fig. |6). All the other Coma galaxies are shown as grey stars. Note that 
(24— z) = -6 mag separates the red sequence galaxies from the blue ones in 
a z— (24-z) plane (Fig.|6). 
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Figure 6. The (24 — 2) colour of all galaxies in the Coma supercluster 
sample, divided into blue cloud (blue stars) and red sequence (red) (Fig. [3) 
galaxies, are plotted against their z-band magnitudes. The dotted line shows 
the 80% completeness limit of the 24/tm data. The constant SF R lines are 
drawn using the conversion factor given bv lCalzetti etafl <2007h . The hori- 
zontal dashed line at (24— z) = —6 mag is our empirically chosen criterion 
for selecting star-forming galaxies. The top axis shows t he stellar mass of 
galaxies estimated using a relation from lBell et ail 120031) . 
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Figure 7. This colour-colour diagram shows that the galaxies identified as 
AGN (green circles) and star-forming (blue stars), on the basis of the BPT 
diagram according to their optical spectra (see Fig. [8), occupy different re- 
gions on the near/mid IR magnitude-colour diagram. The solid and open 
green circle s repre sent AGN classified on the BPT diagram and by the 
iMiller et alj i2003l) criterion respectively (see text). The passive galaxies 
(red points) detected at 24/im are concentrated in a small region on the top 
right of the diagram. The horizontal line at (24 — 2) = —6 mag marks the 
boundary between these two classes in the z-(24 — z) IR colour magnitude 
space (Fig. [6). 



quence galaxies in Coma have consistent optical and MIR colours. 
We note that the optical-MIR colours of the red sequence galaxies 
are not consistent with those expected from photospheric emission 
from old stellar populations, with an excess emission always ap- 
parent at 24/im. The Spitzer Infrared Spectrograph observations of 
early-type galaxies in Virgo and Coma clusters show that the dif- 
fuse, excess emission, apparent at 10-30/im in these galaxies, is 
due to silicate emission from t he dusty circumstellar envelopes of 
mass- losing evolved AGB stars l lBressan et al.l2006l : IClemens et al.1 
120091) . The strength of this silicate emission is a slowly declining 
function of stellar age dPiovan. Tantalo &~C hiosi 2003), and per- 
sists even for very evolved stellar populations (> lOGyr). The 
optical-MIR colours of Virgo and Coma galaxies h ave been found 
to be consistent with such old stellar populations dClemens et al.1 
120091) . 

The blue galaxies in Fig.[5]have a wide spread in both colour 
and magnitude. The inhomogeneity of this class of galaxies be- 
comes even more clear in Fig. [7] where we plot the optical (g — r) 
colour against the near/mid-IR (24— z) colour. Just as in Fig. [5] the 
passive red galaxies cluster in a small region of the colour-colour 
space, but the blue galaxies and (optical) AGNs span a wide range 
along both the axes. We note the clear separation of star-forming 
(blue stars) and passive (red points) galaxies in (24 — z) colour. 
The horizontal dashed line in Fig.|7]indicates our empirically cho- 
sen criterion to separate the two populations about (24 — z) = —6. 
Interestingly, although the AGN and star-forming galaxies (green 
and blue symbols respectively) are classified on the basis of their 
optica l spectra on the BPT diagram dBaldwin. Phillips & Terlevichl 
Il98ll also see gj2), they occupy distinct regions in this plot of 
optical vs optical-IR colour, as well. 
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Figure 8. The BPT diagram Baldwin. Phillips & Terlevichl Il98ll) for 
the 24pm detected galaxies in the Coma cluster (filled circles) and in 
Abell 1367 (open triangles), colour coded by their 24fim flux. We also plot 
all the galaxies within ± 2,000 km s~ 1 of Coma or Abell 1367, in the 500 
square degree supercluster region, but not detected at 24/im, as grey crosses 
. The points plotted in a line at log[OIII]5007/H^ = —1.5 are the galax- 
ies which have no detected [OIII] and/or emission. It is interesting to 
observe that a large fraction of the Coma galaxies without [OIII] and/or 
Hp have their [NII]/H Q flux ratios as expected for AGN, suggesting that 
these galaxies may have their nuclear emission obs cured. We classify such 
galaxies as AGN if they have Log([NII]/H Q )>-0.2 iMiller et alj2003l) . 
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4.2 Optical and 24/ tm star formation indicators 



The understanding of the formation of stars in galaxies requires, 
among other things, the measurement of the rate at which the inter- 
stellar gas is converted into stars. With the development of appro- 
priate technology, radio, IR and UV photometry and spectroscopy 
are increasingly being employed, in addition to the traditional opti- 
cal observations, for the purpose of measuring the rate of star for- 
mation. The dust clouds surrounding the young stellar concentra- 
tions absorb starlight and re-radiate it at IR wavelengths. Thus, the 
SFR measured by IR measurements is accurate only in the optically 
thick limit. The observed UV radiation escaped from the molecular 
clouds which block the UV li ght at earlier ages, co mes mostly from 
stars with ages 10 7 - 10 8 yrs dCalzetti et al .1 120051) . Ha emission is 
prod uced only in the first f ew million years from the most massive 
stars ( lLeithereret"ai]|l999h . Indeed, a combination of UV, H a and 
IR observations is required to give a full measure of the obscured 
and unobscured star formation. In this section, we attempt to com- 
bine the direct (optical) and the obscured (IR) radiation from the 
Coma and Abell 1367 galaxies to understand the process of star 
formation across this supercluster. 

The 24/im IR emission in galaxies can result from dust heated 
by young massive star clusters as well as the AGN. Since our 
MIPS data comes from the densest regions at the core of the 
Coma cluster (Fig. [TJ, which is a favourable environment for AGN 
hosts, it is important to investigate the origin of the 24/im emis- 
sion in these galaxies. To do so, in Fig. [8] we plot the usual ra- 
tios of optical emission linewidths ([OIII], Hp, [Nil] and H Q ), 
known to distinguish star forming galaxies from those domi- 
nated by AGN, in what is popularly known as the BPT diagram 
( iBaldwin. Phillips & Terlevichlll98lf) . 

In Fig. [8] we show all the emission-line galaxies found in the 
±2,000 km s _1 redshift slice around Coma and/or Abell 1367, in 
the ~500 square degrees Coma supercluster region (see Fig. []}, 
along with the galaxies detected at 24/im (MIPS) in Coma (circles) 
and Abell 1367 (open triangles). Although we find a significant 
number of 24/im detected galaxies with [NII]/H a ratios suggestive 
of AGN, this does n ot mean that the 24/im emissi on is predom- 
inantly due to AGN. iGoulding & Alexander! J2009t) have tried to 
estimate the contribution of the AGN component to the IR emis- 
sion from galaxies using Spitzer/IRS spectroscopy. Although only 
a few galaxies in their sample have IR fluxes produced predomi- 
nantly by AGN, they also find that a substantial fraction of AGN 
are optically obscured, consistent with the results presented here. 

We find that most of the galaxies which have measured values 
of all four emission lines are dusty star forming galaxies. However, 
interestingly, a large number of galaxies detected at 24/im in Coma 
that do not show emission in [OIII] and/or Hp, do have a [NII]/H Q 
flux ratio consistent with the presence of an AGN. Such galax- 
ies ca n be classified as AGN if log ([NII]/H Q )>-0.2 jMiller et all 
120031) . 

The EW of the Balmer lines, especially that of the H a emis- 
sion line, has been extensively used to estimate the current opti- 
cal SFR of galaxies. It has been shown in the literature that the 
24/im flux is a go od measure of dust-processed star light (e.g. 
ICalzetti et al 11200% . But, the 24/im observations used in this work 
cover the very central regions of the Coma cluster, and Abell 1367, 
which comprises mostly of early-type galaxies. In order to test the 
correspondence between the direct and dust-processed SFR trac- 
ers, in Fig.|9]we plot the (24 — z) colour as a function of spectro- 
scopically measured EW(H a ). We also colour-code the symbols ac- 
cording to the concentration parameter of the galaxies (ratio of the 
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Figure 9. The (24 — z) colour as a function of H a EW for Coma (filled 
circles) and Abell 1 367 (stars) galaxies respectively. The straight line rep- 
resents the linear fit to galaxies in the Coma cluster. Though there is a con- 
siderable scatter, the correlation between the two quantities is significant. 
The dotted lines represent the lower limits adopted to select star-forming 
galaxies using (H a EW=4A) and (24-z) colour= -6.0 (see Fig.[6}. For 
completeness, we also show the 24/im detected galaxies that do not have 
H Q emission in SDSS spectra at EW(H a ) = 0.2A (open circles). The 24/im 
emission in these galaxies is likely to come from the evolved AGB stars. 



Petrosian radii Rgor/Rsor from the SDSS photometric catalogue, 
which is an indicator of morphology). Passive spirals often have 
concentr ation indices consistent with early -types (R9o r /Rsor > 2.6; 
also see iMahaian & Ravchaudhurvl I2009T) . But Fig. [9] shows that 
both the spiral and spheroidal galaxies are uniformly distributed 
along both the axes, implying that the emission-line galaxies de- 
tected at 24/tm at the core of Coma and Abell 1367 are not domi- 
nated by galaxies of any particular morphological type (as quanti- 
fied by the concentration index). 

Due to the dominance of early-type galaxies in our 24/tm sam- 
ple, it is not surprising that only a small fraction of galaxies clas- 
sified as star-forming on the basis of their (24 — z) colour (Fig. [6j>, 
show no signs of current star formation in their optical spectra. For 
completeness, at EW(H a ) = 0.2A we plot all the 24/im detected 
galaxies that do not show optical emission in H a . As expected, 
most of these galaxies have (24 — z) colours and concentration 
parameters consistent with those of quiescent early-type galaxies. 
This suggests that their 24/im emission is primarily due to the con- 
tribution from AGB stars, which (unlike young stars) do not pro- 
duce H Q emission. The good overall correspondence between the 
photometric (24 — 2) colour and spectroscopic EW(H Q ) makes the 
(24 — z) colour a good candidate for comparing the star formation 
activity in nearby galaxies, in the absence of optical spectra. 



4.3 Varying fractions of star-forming galaxies with SFR 
tracer: implications for the Butcher-Oemler effect 

Photometric colours and EWs of emission lines like [Oil] and H Q 
have been extensively used for studying the evolution of galax- 
ies in time and across t he sky. In one such pioneering work, 
iButcher & Oemlej J 19841. B084) found that clusters at moderate 
to high redshifts contain an 'excess' of blue galaxies, relative to 
their local counterparts. They estimated the blue fraction by con- 
sidering galaxies found within R30 (radius containing 30% of all 



Star formation and quenching across the Coma supercluster 1 1 




Figure 10. The fraction of star-forming galaxies as a function of (projected) cluster-centric radius for Coma in the Left panel and Abell 1367 on the Right. 
In both panels, the solid black line shows the radial variation in the fraction of star-forming galaxies, selected using the (g — r) colour threshold, the dotted 
red line makes use of the H Q EW (>2A) and the dashed blue line represents the same, for star-forming galaxies chosen by the (24 — z) < -—6 criterion. The 
corresponding thin curves show the Ha Poisson scatter. In all cases, all the spectroscopically identified galaxy members with M z < —20.82 (M* +1.5; see 
text), and l.o.s. velocity ± 3,000 km s _1 of Coma and/or Abell 1367, are used to estimate the fractions. For Abell 1367, we show galaxies only within the 
region, of scale ~ 0.75 h^ Mpc, for which the 24/im data is available. This diagram shows the importance of taking account o f the star formation activit y 
used to quantify and understand evolutionary trends, such as the Butcher-Oemler effect. For comparison, the R30 radius adopted by Butcher & Oemler 1 1984), 
and the fraction of blue galaxies found in Coma and Abell 1367, are also shown by the vertical dot-dashed lines and open green diamonds respectively. 



red sequence galaxies), for which the optical broadband colours 
are bluer by at least 0.2 mag than that of the red sequence galax- 
ies. For the redshift regime of Coma 0.1), B084 found a uni- 
form blue fraction within R30. Since then, several such studies 
have sought to quantify and validate the Butcher-Oemler effect for 
different samples of clusters. Some of these define their samples 
in a way similar to that of BQ 84, and obtain similar results (e.g. 
iMargoniner & Carvalholl200C|) . 

Using panoramic MIR data for 30 clusters (including both 
Coma and Abell 1367) over < z < 0.4. lHaines elai] j2009t) are 
able to reproduce the Butcher-Oemler effect using a fixed limit 
in L IR (5xl0 10 L Q ) (equivalent to a fixed SFR of 8M yr _1 ), 
but show that the Butcher-Oemler effect can be largely ex- 
plained as a consequence of the cosmic d ecline in star formation 
fcx Floc'h etal]|2005l : Izheng et al.ll2007l) . In this case, the blue 
galaxies in clusters are those that are recently accreted from the 
field (a ccretion has occur red at a relatively constant rate since 
z ~ 0.5; [Berrier etal ■I2009I) . but since the global level in star forma- 
tion among these galaxies has declined, a smaller fraction of the in- 
falling population is classed as blue (which assumes a non-evolving 
level of star formation), resulting in the observed Butcher-Oemler 
effect. 

Elsewhere 1 Baloah, N avarro. & Morrisll2000l ; lEllingson et al.1 
l200ll : [Pe Propris et alj 120041) . studies going out to several multi- 
ples of the cluster-centric radius, scaled by R200, show the effect of 
the chosen aperture size on the blue fraction. It has been shown that 
the observed gradual radial trend of fsF is consistent with a sim- 
ple infall scenario, whereby the star-forming galaxies are infalling 
field galaxies, which are then quench ed rapidly upon their first 
passage through the cluster core (e.g. iBalogh. Navarro & Morris! 



l2000|jEllingson et alj|200ll ; lHaines etalJI 20091) . By comparing the 
photometric colour with the spe ctroscopically determined SSFR, 
iMahaian & Ravchaudhurvl {2002) show that the presence of metal- 
rich stellar populations in low redshift cluster galaxies can also in- 



fluence the evolutionary trends such as the Butcher-Oemler effect, 
if they are studied only using galaxy colours. Several recent stud- 
ies indicate that a non-negligible fraction of red sequence galax- 
ies show signs of ongoing star formation from their optical spec- 
tra and/or broad-band colour, and that a robust separation of pas- 
sive and star-forming ga laxies requires mutually independent data 
(e.g. iBildfell et alj|2008l) . In this work, we show that in the Coma 
Supercluster, the value of fsF not only varies with the cluster- 
centric aperture used for measuring the blue fraction, but can also 
be severely effected by the SFR tracer employed. 

In Fig. [TO] we plot the fraction of non-AGN, star-forming 
galaxies found using 3 different criteria: (i) IR colour [(24—2:) ^ — 6 
mag; Fig. [6), (ii) EW(H Q )^ 2A and, (iii) the photometric colour 
(g — r) is bluer than that of the fitted red sequence (Fig. [5] by more 
than the mean absolute deviation, for all the Coma and Abell 1367 
galaxies. B084 had included galaxies brighter than My = — 20 
(Ho = 50 km s~ 1 Mpc ~ 1 ) in their sample. To ma ke a fair compar- 
ison with the work of iButcher & Oemlerj l ll984l) . without adding 
uncertainties by using empirical relations to convert magnitudes 
from one passband to the other, in Fig. [10] we choo se to only in- 
clude galaxies brighter than M*+1.5 (M* = -22.32; lBlanton et all 
l200ll) for calculating the fractions. Also, note that all the spectro- 
scopic galaxy members are used to calculate the fractions in each 
radial bin. 

These distributions show that, by taking into account the ob- 
scured star formation estimated from the 24^im flux, the fraction 
of star-forming galaxies can dramatically vary at any given radius 
from the centre of the cluster. In both clusters, the 'blue' fraction 
(fb) is higher, and flattens at lower cluster-centric radii, than the 
fsF estimated using the EW(H Q ), evidently showing a significant 
contribution of the post-starburst galaxies to the fraction ft (also 
see Section |5^2t . We note that this trend may vary if the dusty red 
galaxies have a non-negligible contribution in building the red se- 
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quence. But as seen in Fig. [5] in the Coma cluster, this does not 
seem to be the case. 

It is interesting to note that unlike Coma, Abell 1367 has 
an increasing fraction of blue galaxies with cluster-centric radius 
(black lines), but an inverse trend emerges when the fractions are 
measured using the (24 — z) colour (blue lines) or the H Q EW 
(red lines). This implies that some of the blue galaxies outside the 
core of Abell 1367 are post-starburst galaxies (see Fig. 112b. This 
result supports the results obtain ed in the more general work of 
iMahaian & Ravchaudhurvl d2009l) , who show that using a single 
galaxy property, such as the broadband colour, is not an appropri- 
ate way of quantifying evolutionary trends like the Butcher-Oemler 
effect. 



5 DISCUSSION 

In this paper we set out to understand the relationship between the 
star formation activity in galaxies, as depicted by an assortment of 
indicators encompassing the optical and 24/^m mid-IR wavebands, 
and their immediate and global environment, in the Coma super- 
cluster. A wide range of local and global environments of galaxies, 
and a uniform optical coverage across the entire ~ 500 square de- 
grees of sky, make this supercluster an ideal laboratory for examin- 
ing the environmental dependence of galaxy properties. We discuss 
below the implications of the results from our analysis presented in 
ij3]and g] 



5.1 



The spatial and velocity distribution of galaxies detected 
at 24fj,m 



The 24/im data for the Coma cluster extend out to a few times its 
core radius (Fig.UOt, allowing us to analyse the spatial (sky and ve- 
locity) distribution of the galaxies detected at 24^m, relative to all 
the spectroscopic members found in the SDSS. In order to do so, 
in Fig.[TT] we plot the distribution of all the spectroscopic galaxies, 
and the (optically) red and blue galaxies detected at 24/^m respec- 
tively. As discussed above (Figs.[5]and[6j, in Coma both the 24/im 
and optical colours mostly segregate the same galaxies into 'red' 
and 'blue' ones. Fig. [TT] (top panel) shows that, of the 24^m de- 
tected galaxies, the distribution of the (optically) red ones is similar 
to that of all the galaxies, but the (optically) blue ones tend to peak 
>1.0 ft^Mpc from the centre of Coma. 

In Fig.QT](bottom panel), we plot the distribution of the line of 
sight (l.o.s.) velocities of galaxies, with respect to the mean velocity 
of the Coma cluster (called the 'relative velocity' hereafter), for the 
same three sets of galaxies. The distribution of the relative velocity 
of 'all' and (optically) red galaxies are statistically similar. But the 
(optically) blue 24/xm galaxies show a bimodal distribution, with 
a large fraction of one mode concentrated around relative velocity 
~ 600 km s _1 . A Kolmo gorov-Smirnoff (K-S) test suggests that 
the probability of the parent distribution of the relative velocities 
of red and blue galaxies being sampled from the same population 
is p = 8.023 x 10" 5 . The same comparison between the relative 
velocity distribution of 'all' and blue galaxies gives p = 0.005, 
suggesting that it is highly unlikely that the blue and red (or 'all') 
galaxies are drawn from the same parent distribution (Fig. II It. This 
leads us to conclude that a non-negligible fraction of the (optically) 
blue 24/im galaxies within 2 hj^ Mpc of the centre of the Coma 
cluster are star-forming galaxies which may belong to the substruc- 
ture associated with NGC 4839 (see £|5.3l for further discussion). 

The l.o.s. velocity distribution of the (optically) blue 24^m 
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Figure 11. (Top panel): The distribution of cluster-centric distance for all 
the spectroscopically identified galaxies in a ±3,000 km s _1 slice in the 
Coma cluster (solid black histogram). The dashed red and dotted blue his- 
tograms show the same for the 24fim MIPS galaxies, divided into red and 
blue galaxies on the basis of the (g— r) — r colour-magnitude plot (Figs. [5] 
&|6). The horizontal axis is limited by the coverage of the MIPS field. In- 
terestingly, even though the red 24fim galaxies are uniformly distributed 
within a ~2 Mpc radius, the blue galaxy population seems to peak away 
from the cluster core at 1—1.5 Mpc from the centre. (Bottom panel): These 
histograms represent the same galaxies as in the upper panel, but for the 
l.o.s. velocity of galaxies, relative to the mean redshift of the Coma cluster. 
Intriguingly, while the red galaxies follow the distribution of all the spectro- 
scopic galaxy members of the Coma cluster, the blue 24/.tm galaxies show a 
remarkable peak around the velocity of the galaxy group N GC 4839, shown 
here as the dot-dashed line, with ±o~ v = 329 km s _1 IColless & Duiir] 
Il99d) . 



galaxies is highly non-Gaussian, with an excess at ~ 600 km s _1 , 
suggesting that many of them have recently entered the cluster. If 
these blue 24^im galaxies were virialized, a Gaussian distribution 
centered on 0, like that seen for the red (red dashed histogram) and 
'all' (solid black histogram) galaxies would be expected. 

The current episode of star formation in these galaxies can be 
attributed to the envi ronmental impact of the cluster's ICM (e.g. 
IPoggianti et al.ll2004l). or the enhanced galaxy density in the in- 



fall region (e.g. IMahaian. Ravchaudhury & PimbbletH201C ). Thi s 
result is consistent with the findings of ICaldwell & Rose 1l997l) . 
who analysed the spectra of early-type galaxies in 5 nearby clus- 
ters, including Coma, and found that in 4 of the 5 clusters, the 
early-type galaxies show signatures of recent star formation in their 
spectra (also see t\5.2\ . 

5.2 The distribution of k+A galaxies 

The post-starburst, or k+A galaxies, as they are popularly known 
in the literature, are passive galaxies that have recently (1-1.5 Gyr) 
experienced a strong burst of star formation. These galaxies are 
very crucial in understanding the impact of environment on vari- 
ous galaxy properties, especially their SFR. The spectrum of a k+A 
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Figure 12. (Left panel): The distribution of the passive (red dots), AGN host (green points), star-forming (blue stars) and the post-starburst (k+A) (purple 
circles) galaxies in ~ 5.0x4.2 /i^Mpc region surrounding the centre of Coma. The contours show X-ray emission from a XMM-Newton EPIC/PN observation. 
As can be noticed, not only the star-forming, but also the k+A galaxies seem to avoid the dense cluster centre. Also, the presence of k+A galaxies out to almost 
twice the virial radius from the centre shows how strong the impact of the 'global' cluster environment is on the evolution of galaxies in the vicinity of massive 
structures. (Right panel): Same as above, but for the 5.0 X 5.0 fe^Mpc region surrounding the centre of Abell 1367. It is interesting to see that in contrast 
with Coma, most of the k+A galaxies in Abell 1367 seem to be aligned along the direction of the filament feeding it from the direction of Coma. We also note 
that the (optical) AGN in both the clusters are mostly found in the direction of the filament connecting Coma and Abell 1367. 
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Figure 13. The (g — r) — z colour-magnitude diagram of all the spectro- 
scopically identified galaxies (black points) in the ~ 5.0 X 4.2 h^Mpc 
region surrounding the centre of the Coma cluster (shown in Fig. 1121 . The 
k+A galaxies (purple diamonds) are mostly blue dwarfs. These observa- 
tions confirm that the low-mass galaxies are the first ones to experience and 
reflect the impact of rapid change in their local environment. 



galaxy shows strong absorption in Hj, but little or no emission in 

In this work we make use of the SDSS DR7 spectroscopic 
galaxy catalogue (r 17.77) for identifying the k+A galaxies 
(EW(H 5 ) < -3A & EW(H Q ) < 2A) in the Coma supercluster 
(Please note that throughout this work, negative values of EW in- 
dicate absorption). In Fig.[l2]we show these k+A galaxies together 
with the passive, star-forming and AGN galaxies in and around the 
Coma and Abell 1367 cluster respectively. As can be easily seen, 
the k+A galaxies preferentially avoid the dense region in the cluster 
core but inhabit the surrounding infall regions out to ~ 5 h^Mpc 
(almost twice the virial radius). In Fig.[T2]we have also over-plotted 



the contours of intensity from the mosaicked 0.5-2 keV image 
of the c ore of Coma cluster from XMM-N ewton EPIC/PN obser- 
vations l lFinoguenov. Briel. & Henrvll2003l) . kindly supplied to us 
by A. Finoguenov. We note that there are almost no star-forming 
galaxies in the X-ray emitting region of the core. This observation 
further strengthens the argument that the changes in environment, 
experienced by a galaxy on the outskirts of clusters, play a key role 
in modulating the prope rties of galaxies, especially the dwarfs (e.g. 
IPorter et al.ll200ll2008l) . 

By analysing deep (Mb <■ —14) photometric and spectro- 
scopic optical data for 3 regions in Coma (two nea r the centre and 
one ne ar NGC4839, each ~ lx 1.5 Mpc in size). |Poggianti et"ail 
d2004l) found that ~ 10% of the cluster's dwarf (M v > -18.5) 
galaxies have post-sta rburst spectra. They als o used the results from 
the X-ray analysis of iNeumann et al.l d2003l) to show that the k+A 
galaxies in the Coma cluster are likely to be a result of the interac- 
tion between the Coma cluster and the adjoining NGC 4839 galaxy 
group (see i]5,3| >. In Fig. [12] we overplot as dashe d rectangles, the 
approx imate location of the su bstructures found by Neumann et al.l 
( l2003h . As has been shown bv lPoggianti et all j2004 their fig. 6). 
on the western side of the Coma cluster, the k+A galaxies seem to 
lie al ong the X-ray substructure (also see fig. 2 of INeumann et al.l 
120031) . We demonstrate this by overplotting contours of X-ray in- 
tensity in Fig.l 121 

However, it is also interesting to note that the southern sub- 
structure, apparent from the X-ray contours, is almost devoid of 
k+A galaxies, but has a stream of star-forming dwarf galaxies flow- 
ing towards the clust er core (Fig. [4] also see H5.41 . Contrary to 
IPoggianti et al.l |2004), by taking into account the extended region 
surrounding the Coma cluster, we find that the k+A galaxies pref- 
erentially avoid the cluster core but their spatial distribution does 
not show any correlation with the substructure evident in the X-ray 
emission (Fig.ll2t. 

In Fig. [T/3] we examine the position of the k+A galaxies in 
the Coma cluster in the plot of (g — r) colour vs z magnitude. 
Fig. HH show that almost all the k+A galaxies in Coma are dwarfs 
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Table 2. Dwarf (2 > 15 mag) galaxies in the Coma supercluster 





Total 


Star-forming 


k+A 


Coma 


438 


55 


50 


(~5x4.2Mpc 2 ;Fig.[l2j 








Abell 1367 


391 


203 


19 


(~5x5Mpc 2 ;Fig.[T2l 








Supercluster 


1106 


667 


23 


(excluding regions mentioned above) 









(z < 15), suggesting that either only the infalling d warf galaxies 
are ra pidly quenched, or the SFR-M* relation (e.g. iFeulner et alj 
l2005h dilutes the post-starburst signature in massive galaxies. Since 
dwarf k+A galaxies in the Coma supercluster are found on the out- 
skirts of Coma and Abell 1367 clusters, and occasionally in galaxy 
groups embedded elsewhere in the large-scale structure (LSS), this 
might suggest that dwarf galaxies falling into deeper potentials are 
more likely to show k+A features, while those being assimilated 
into galaxy groups may be quenched on a longer time-scale. We 
will probe this in greater detail in a later paper. 

The handful of galaxies with very blue colours ((g— r) <0.5; 
Fig.ll3t are the k+A dwarfs in which the episode of starburst could 
have ended ~ 3 00 Myr ago, unlike th e more evolved red post- 
starburst dwarfs jPoggianti et al.1 12004) . By studying spectra of 
early-type galaxies (Mb < 16.7) in Coma. lCaldwell & Rose] \ 19971) 
also found that ~ 15% of these galaxies show si gnatures of recent 
or ong oing star formation. Based on this result, ICaldwell & Rose! 



( 1997) suggested that the present day clusters act as a catalyst for 
galaxy evolution, though at a reduced level as compared to their 
high redshift counterparts. 

Given the vulnerable nature of dwarf galaxies, it is not sur- 
prising that a large fraction of them are the first ones to reflect the 
impact of rapid changes in their environment during the transition 
from filament to cluster. This contributes to dwarf galaxies hav- 
ing a better-defined SF-density relation, relative to their more mas- 
sive counterparts (Fig. |4j- Table [2] shows that 11.4% of dwarfs in 
Coma, 4.8% in Abell 1367 and 2.1% in the neighbouring superclus- 
ter region have spectra with k+A features. This evidently shows that 
the mechanisms responsible for quenching star formation in dwarf 
galaxies and rapidly transforming them to passive galaxies via the 
post-starburst phase, are strongly dependent on the cluster poten- 
tial. This result is also in agreement with the observa tion of exces- 
sive r ed, dwarf ellipticals (dEs) in the Coma cluster l ljenkins et al.1 
120071) . In Table[3]we provide a list of all the 1 10 k+A dwarf (z > 15) 
galaxies found in the entire Coma supercluster. 

5.3 Coma and NGC 4839 

As noted above, the Coma cluster is known to have significant 
substructure in the optical and X-ray maps. The most prominent 
X-ray emitting substructure is associated with a galaxy group, of 
which NGC 4839 is the most prominent galaxy. By combining N- 
body hydrodyna mical simulat i ons w ith ROSAT X-ray and VLA ra- 
dio observations. iBurns et all jl994l) remarked that the NGC 4839 
group has already passed through the core o f Coma ~2 Gyr 
ago, and is now on its second infall (also see ICaldwell & Rose! 
1 19971) . However, several other studies based on optical spec- 
troscopy and imaging, and X-ray observation s conclude otherwis e 
dColless & Dunnl 119961 : Neumann etai]|2003l : lAdami et alj|2005h . 
No consensus seems to have been reached on the dynamical state 
of NGC 4839. Studies supporting the first infall argument suggest 



Table 3. Catalogue of dwarf (z > 15), k+A (EW(H a ) < 2 A & EWfHs) < 
—3 A) galaxies in the Coma supercluster (this table is available in full on- 
line). 



RA 
(J2000) 



Dec Redshift 
(J2000) 



EW(H Q ) EW(H a ) 



mag 



195.4972 


28.7095 


0.0203 


16.8559 


-1.9535 


-20.5023 


194.7338 


28.4636 


0.0198 


15.1591 


-2.6499 


-5.6373 


174.6209 


28.5871 


0.0236 


15.3615 


1.8792 


-3.9275 


192.4220 


28.8448 


0.0218 


17.1838 


-1.3320 


-30.0913 


192.8569 


28.7203 


0.0241 


17.0417 


-1.1904 


-3.1975 


193.9028 


26.5644 


0.0211 


16.9923 


-1.8170 


-6.2012 


194.5201 


26.3706 


0.0232 


15.7774 


-1.8387 


-6.3831 


195.0435 


26.4612 


0.0221 


16.6272 


-2.0973 


-3.2747 


189.0882 


27.0333 


0.0251 


16.6488 


-1.9006 


-3.0789 


194.0083 


26.9208 


0.0191 


16.5278 


-1.4534 


-4.9134 
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Figure 14. The spatial distribution of galaxies detected at 24pm in the 
Coma Supercluster region. The galaxies are coded by their (24— z) colour as 
following: red:> —4, orange: —4 < (24— z) < —6, green:— 6 sg (24— 2) < 
—8 and blue: ^ —8. The purple circles are the blue 24pm galaxies moving 
at velocities similar to that of th e NG C 4839 galaxy group (i.e. having l.o.s. 
velocity = 7339±329km s~ 1 : ICoIiess & Dunnll 19961) . We note that 19 of 
these 26 galaxies have (24 — z) colour corresponding to that of the passive 
galaxies (i.e. (24 — 2) —6; Fig. [6}. The contours are from a 0.5-2 keV 
XMM-Newton EPIC/PN X-ray mosaic image of the extended Coma cluster. 



that the NGC 483 9 galaxy group has a ve locity dispersion (cr C2 ) of 
329 km s _1 (e.g. IColless& Dunn 1 19960. while others claim it to 
be as high as 963 km s -1 (e.g. lCaldwell et al.lll993l) . the latter be- 
ing consistent with the scenario where the galaxies belonging to the 
group have dispersed during their first passage through the cluster. 

Located ~ 1.1 Mpc from the centre of the Coma clus- 
ter, the NGC 4839 galaxy group was first detected as an asym- 
metric extension to the otherwise relaxe d X-ray morphology of 
Coma jBriel. Henry and Bohringeil 1 19921) . Several authors have 
discovered post - starbu rs t (k+A) galaxies associate d with this group 
dCaldwell et al.l 1 19931 : ICaldwell & Rose! 1 19971 ; IPoggianti et all 
|2004|) . In this work, we find that most of t he known post-s t arburs t 
galaxies in Coma, such as those found by IPoggianti et alj d2004T ). 
are either not detected at 24/im, or show little MIR emission. We 
hence confirm that almost none of these post-starburst galaxies 
have a significant amount of obscured star formation going on in 
them. 



Star formation and quenching across the Coma supercluster 15 



IStruckl d2006l) suggests that when a g alaxy group passes 
through the core of a cluster, as suggested by iBurns etal] i ll 994) 
for Coma and NGC4839, the group galaxies are gravitationally 
shocked. In this scenario, enhancement in star formation activity 
is a natural consequence of an increase in galaxy-galaxy interac- 
tions among group galaxies. Such a scenario has b een suggested 
for Coma and NGC4839 bv lNeumann et al.l J2003I) . Fig. [Til may 
provide circumstantial evidence to support this argument. 

In Fig. [14] we show the spatial distribution of the 24/im de- 
tected Coma galaxies colour-coded by their (24 — z) colour. The 
blue 24/j.m galaxies constituting the peak, which also corresponds 
to the mean velocity of the NGC4839 group (Fig.ll It. are explic- 
itly shown. However, poor statistics in our data do not allow us to 
favour any of the 2 scenarios associated with the NGC 4839 galaxy 
group and the Coma cluster, namely, (i) whether the group is on it's 
first infall, or (ii) it has already passed through the core and is on 
it's second passage. 

5.4 Coma, Abell 1367 and the filament 

In the hierarchical model, galaxy clusters grow by accretion and/or 
mergers with other clusters and groups. In simulations, galax- 
ies are seen to be accreted along the network of filaments of 
galaxies, feeding these clusters, along preferred directions (e.g. 
iBond. Kofman. & Pogosvanl 19961) . Although several observational 
techniques are now being implemented to detect and quantify such 
large-scale structures (LSS), the low surface density of matter, 
enormous spatial scale, and projection effects make it difficul t to 
observe the extent of these filaments of galaxies (Colberg 2007). 

One way of exploring the evolution of the LSS is to probe its 
impact on the galaxies traversing them. The spectacular filament 
crossing the Coma and Abell 1367 clusters is an exclusive object 
in the low redshift Universe, because it is not only traced by the 
spatial distribution of galaxies (Fig. [TV but has also been detected 
at radio wavelengths dKim et alii 19891) . One of the aims of this pa- 
per is to understand and interpret the difference in the evolutionary 
paths adopted by galaxies in the vicinity of the clusters, the filament 
and the groups embedded in the fi lament. In agreement with the 
scenario emerging in the literature dGrav et ai] |2004l ;l Tanaka et al .1 
l2004l ; ISmith et al.l2006l ; lH~aines et al.l2007l among others), we find 
that the SFR-density relation across the Coma supercluster is much 
weaker for the massive galaxies (z < 14.5; Fig. [3}, relative to the 
dwarfs (z > 15; Figs.[3]&|4}. 

Empirical studies of galaxies infalling into clusters along 
filaments suggest that an enhanced galaxy density at the clus- 
ter periphery may lead to a burst of star f ormation in them , 
consuming a large fraction of cold gas ( e.g. IPorter et"al] 120081 ; 
iMahaian. Ravchaudhurv & Pimbbletll2010h , This effect would be 
mor e efficient for t he dw arf galaxies. In a study based on the SDSS 
data. lHaines et al.l d2007l) find that the dwarf galaxies (- 19 < M r < 
— 18) residing in high density regions show a systematic reduction 
of ~ 30% in their H a emission relative to the mean of the sam- 
ple, leading the authors to favour slow quenching of star formatio n 
in these galaxies (also see lBalogh et alj|2004al ; lTanaka et al.l2004l) . 
On the contrary, in Coma we find that the infalling star-forming 
dwarf galaxies undergo a burst of star formation, followed by rapid 
quenching (Fig.[4] also see Section |5T2l . 

In contrast, star formation in dwarf galaxies infalling into 
galaxy groups, seems to be slowly quenched without an intermedi- 
ate starburst phase, resulting in the observed reduction in the mean 
EW(H a ) values seen in the vicinity of groups in Fig. [4] This obser- 
vation could be attributed to the relatively inefficient ram-pressure 



stripping in galaxy groups dTanakaetai]|2004l) , transforming in- 
falling galaxies slowl y over several Gyr via a process involving 
progressive starvation dLarson. Tinslev & Caldwelllll980h . 

Another notable fact in Fig. [4]is the orientation of the stream 
of blue star-forming galaxies southward of Coma, almost orthog- 
onal to the direction of elongation of the galaxy density (Figs. [3] 
&[4}. This may be significant given the observa tions presented in 
the previous section (also see IBurns et al.| [l 994l) . Consistent with 
the results presented in literature, we find that the instantaneous 
SFR of a galaxy depends upon the stellar mass of the galaxy, as 
well as on the local galaxy density, and on whether the galaxy is 
in a group or cluster. The cosmic web does play a crucial role in 
defining the evolutionary path of the galaxy, as is seen by different 
rate of quenching of dwarf galaxies in groups and clusters (Fig. [4}. 
The different fractions of dwarf k+A galaxies in the three major 
components of this supercluster further strengthens this argument 
(Table [2j. It is indeed remarkable that the Coma and Abell 1367 
clusters, that are well known to have very different galaxy proper- 
ties, influence the star formation histories of the infalling galaxies 
very differently. While the fraction of star-forming and k+A dwarf 
galaxies in Abell 1367 vary by a factor of 10 (~ 52% & 4.8% re- 
spectively; Table[2j. in the Coma cluster neither dominate (12.5% 
& 11.4% respectively; Table[2j. 



6 CONCLUSIONS 

This work is a step ahead in understanding the star formation prop- 
erties of galaxies in one of the richest nearby superclusters. We 
analyse the spectroscopic and photometric data obtained by the 
SDSS and archival 24/im data obtained by the MIPS instrument 
on board Spitzer. Our major results are: 

• The fraction of (optical) AGN drops significantly (Zagat < 
0.25) in the dense cluster environment. But the relation between 
AGN activity and environment is unclear in the intermediate den- 
sity environments of galaxy groups. 

• Star formation in massive galaxies (z < 14.5) seems to be low 
everywhere in the supercluster region studied here, almost indepen- 
dent of the local environment. In sharp contrast, the dwarf galaxies 
(z > 15) can be seen to be rapidly forming stars everywhere, except 
in the dense cluster and group environments. 

• The passive, AGN host and star-forming galaxies as classified 
from their optical spectra, occupy different regions on the (24— z)— 
(g — r) colour-colour diagram. 

• The fraction of star-forming galaxies in Coma is determined 
to within ±10%, irrespectively of the definition of star-forming in 
terms of optical (g — r) colour, optical-mid-IR (24 — z) colour or 
EW(H Q ). Many of the blue galaxies in Coma are found to be post- 
starburst galaxies, whose blue colours are due to a recent burst of 
star formation which has now terminated, as revealed by their lack 
of H Q emission and excess Hs absorption. However, in Abell 1367, 
the fsF obtained using the 3 different indicators show different 
trends. While the fraction of blue galaxies increases outward from 
the centre, the fsF obtained by employing the (24— z) near/mid IR 
colour decreases away from the centre of Abell 1367. 

• Most of the (optically) blue 24^m galaxies detected in Coma 
are on their first infall towards the cluster. The current episode of 
star formation in such galaxies is possibly a result of a rapidly 
changing local environment. 

• 1 1.4% of all dwarf (z > 15) galaxies within 5 x 4.2 Mpc 2 
of the centre of Coma, and 4.8% within the same area around 
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Abell 1367 have post-starburst (k+A) type spectra. In the surround- 
ing supercluster region this fraction drops to 2.1% only, suggest- 
ing that the mechanism(s) responsible for quenching star forma- 
tion in dwarfs depends upon the cluster's potential. The starburst, 
rapid quenching and subsequent k+A phase requires the dense ICM 
and high infall velocities attainable in rich clusters, as opposed to 
galaxy groups where star formation in infalling dwarf galaxies ap- 
pears to be quenched gradually. The k+A galaxies preferentially 
avoid the dense centre of the cluster. 

• The spatial distribution of the k+A galaxies suggests a cor- 
relation between the substructure of the Coma cluster (revealed in 
the X-ray emission) and the mechanisms responsible for quenching 
star formation in galaxies. 
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